Purpose: In 2014, our institution launched a randomized control trial (RCT) comparing rapid genome sequencing (GS) to standard clinical evaluations of infants with suspected genetic disorders. This study aimed to understand parental response to the use of GS for their newborn babies.
Introduction
Genome sequencing (GS) is now clinically available for the diagnosis of suspected genetic conditions in children and can lead to a molecular diagnosis that, in some cases, may alter medical treatment and decision making. [1] [2] [3] Many clinicians, bioethicists, and payors have concerns about both the clinical utility of GS and the ethical and social issues that may arise for patients and families, particularly when testing is used in the neonatal population. Clinicians caring for critically ill children have differing opinions on the usefulness of GS results for clinical care and concerns about the inability to interpret many findings from GS that may cause uncertainty or confusion for families. 4, 5 Clinicians and ethicists have also raised concerns about potential harms to patients and families through unwelcome information, parental blame, breaches of genetic privacy, discrimination, moral distress over the use of or waiting on GS to facilitate life-limiting decisions, and societal stigmatization of individuals with disabilities. [4] [5] [6] [7] While some parents of infants have shared concerns about privacy and unfavorable results 8 , this is reported to occur at lower rates than in clinicians. 9 This adds to concerns about whether parents are making adequately informed decisions. As GS moves into clinical use, particularly for vulnerable neonatal populations, it is unclear whether it should be used only in highly selective cases or more broadly. This must be informed by an understanding of the attitudes and experiences of patients and families. Here we report a retrospective mixedmethods study of parents of infants who enrolled in a GS study that explores attitudes about GS and impacts of diagnoses received through GS or clinical evaluation.
Materials and Methods

Participants
Participants for this study were recruited from parents who were enrolled in an NIH sponsored study, "Prospective Randomized Trial of the Clinical Utility of Rapid Next Generation Sequencing in Acutely Ill Neonates." 10 The randomized controlled trial (RCT) enrolled patients 4 months of age or younger with a suspected genetic condition, but no unifying molecular or clinical diagnosis. RCT participants in the control arm (n=33) and 30 of the GS arm (n=32) received standard diagnostic testing as clinically indicated, and the GS arm also received trio-based rapid GS. 10 All samples were retained in a genetic research repository for possible future study. Parents were also enrolled in the RCT; and were eligible for the current retrospective study if they spoke English, had no contact restrictions in the medical record, and had not participated or declined participation in an earlier prospective survey of psychosocial and ethical aspects of GS in this population. Contact by phone was attempted for each eligible parent using phone numbers in the institutional medical record. If contact was made, a verbal consent script was reviewed. This study was approved by the Children's Mercy Institutional Review Board.
Surveys
Parents could choose to complete the survey verbally by phone or receive an email link to complete it on-line. Responses were entered into a REDCap electronic database hosted at Children's Mercy. 11 Socio-demographics collected included age, gender, marital status, number of children, race, ethnicity, highest level of education, and religiosity. Questions developed for this study included 5 point Likert scale questions (strongly disagree to strongly agree) addressing three attitudes: 1) genetic testing as an opportunity, 2) that results might be disturbing, and 3) willingness to enroll child in future genetic research (full questions in Figure 1 ). Five point Likert-type scale questions (not at all, slightly, somewhat, a lot, extremely) were also used to assess how much participants felt blameworthy, confused, hopeful, disappointed, at fault, and uncertain during their infant's hospitalization when GS RCT participation was offered.
The survey also included validated scales discussed briefly here with details provided in the supplementary material (Supplementary Methods). Genetic literacy and applied genetic knowledge were measured by the awareness subscale of the Genetic Literacy and Comprehension (GLAC) instrument 12 and the applied subscale of Fitzgerald-Butt et al.'s genetic knowledge measure 13 , respectively. Numeracy was measured using the Subjective Numeracy Scale, which measures an individual's beliefs about their math skills and preferences regarding the presentation of information. 14 Lastly, the Hospital Anxiety and Depression Scale (HADS) measured the presence and severity of anxiety and depression. 15 For each scale, higher scores indicate higher levels of genetic literacy, genetic knowledge, numeracy, or symptoms of anxiety or depression.
Interviews
Study interviews were completed by phone and followed a semi-structured interview guide (Supplementary Methods). Questions included memories about the purpose of the study, the process of enrollment, parents' attitudes about being approached about GS and research for their infant, and worries about enrolling in GS research. We also asked whether other genetic testing had been completed, whether a genetic diagnosis was received, the impact of the diagnosis (if applicable), and their general attitudes about genomic testing. Parents were asked to categorize their attitudes about having GS and research suggested for their child as negative, positive, or neutral and their general feelings about genomic testing as beneficial, harmful, or neither. These were followed by probes for explanation. All other interview questions were open-ended.
Clinical and RCT data
The institution's medical record for each participant's child enrolled in the RCT was reviewed to record whether a unifying diagnosis was identified and what clinical genetic tests had been completed. If a diagnosis was identified, the specific diagnosis and its modality (clinical or molecularly confirmed and whether it was obtained through the RCT or clinical testing) were recorded. The child's arm in the RCT (GS or control) was recorded.
Analysis
Survey data was imported into SPSS version 24 16 for statistical analysis. Descriptive statistics were calculated for all variables. Fisher's exact tests were used to test for differences in attitudes by socio-demographic groups, feelings while in the NICU, and whether a diagnosis was received. Mann-Whitney U-tests were used to test for differences in attitudes by genetic literacy, genetic knowledge, numeracy, anxiety and depression, and to test for differences in anxiety and depression by whether or not a diagnosis was received. Reported p-values are two-sided. All study interviews were recorded and transcribed. Initial codes were developed based on interview guide topics and an initial reading of study interviews. Five transcripts were coded by two study team members who discussed discrepancies, revised the codebook to include emerging themes, and developed rules for consistent coding. Each transcript was then coded by two independent coders. Codes were compared and discrepancies addressed until consensus was reached. Coded text was organized and analyzed for themes.
Results
Population 128 parents (from 65 families) were enrolled in the RCT of sequencing in newborns. Of these, 40 individuals were ineligible for enrollment in the retrospective study reported herein because they had previously participated in or declined participation in a survey about psychosocial aspects of GS or were determined to be ineligible due to language or contact restrictions. From the 88 eligible parents (from 45 families) contact was made with 30; 39 did not respond to voicemails, 5 did not respond to messages left with the other parent, and 14 could not be reached with available contact information. From the 30 parents contacted, 3 declined participation, and 4 verbally consented to participation but did not complete any study activities. A total of 23 individuals (parents of 19 different newborns) completed the survey and 22 also completed the interview between May 2017 and February 2018 (1-3 years after RCT enrollment). Demographics of the participants are presented in Table 1 .
The mean score for genetic literacy (GLAC) (μ=5.39, SD=1.38) was comparable with that of a population-based consumer panel (μ=4.98, SD=1.76) 17 and an adult gastroenterology clinic population (μ=5.9, SD=1.2). 12 Applied knowledge of genetics was high with a median score of 10.0 (IQR=9.0-10.0) on a 10 point scale. Subjective numeracy (median=4.13, IQR=3.75-4.50) shows a similar median to that identified in a population-based validation study of >800 individuals (median=4.2, IQR-3.2-4.8). 18
Attitudes
When asked to categorize their feelings at the time they heard that doctors wanted to consider GS for their child, 13 recalled feeling positive, 4 neutral, and 2 negative (3 interviewed did not categorize their feelings). No statistically significant associations were found between these categories of feelings about being approached about GS and reported feelings in the NICU (blameworthy, confused, hopeful, disappointed, at fault, uncertain). Positive feelings were most often around hope of a diagnostic answer that would allow them and doctors to understand the reasons for their child's symptoms. Parents said that they wanted to be thorough and do anything to help their child. When speaking of potential answers for their child, parents sometimes flowed into discussions of altruistic motivations related to the research study.
"I think we were encouraged because it felt like we were being very thorough, or the physicians were being very thorough... And of course we were optimistic that it might give us some kind of answer that we weren't getting from other testing."
"I was just hopeful that maybe they'd be able to find something that gave them an answer. Not maybe just for her but for any child in the future, you know as they were just sending the genetics." Parents who reported negative or neutral feelings also spoke of hope for an answer for their child, but additionally relayed feelings that the nomination for GS brought the realization that something was "really wrong" with their child. More negative feelings were also related to fears about what the results would reveal about their child's illness and future.
"It was a big deal. It made it more real that we did not have a perfectly normal, healthy baby. So I guess it was a reality check."
"It needed to be done, but I was scared of the unknown."
A majority interviewed (59%) responded that they had no worries about enrolling in a study that included GS. However, other participants revealed worries such as potential costs of the testing, another needle stick for their child, being randomized to the control group, or misuse of their child's information. One parent noted that their worries may have been lower due to the easy availability of genetic testing, particularly direct-to-consumer testing, that normalizes the experience. The most common worry was of receiving bad news related to their baby's prognosis or treatment.
"The only worry I think that I had was that they were going to find something that was going to be life-threatening for him or they were going to find that they couldn't help him."
In comparison, parent's attitudes at the time of this study's survey and interview were more uniformly positive than their recollection of their thoughts when the GS RCT was offered. Most parents (74%) agreed that genetic testing was an opportunity to gain information that would improve their child's health (Figure 1 ). There were no statistically significant differences in this attitude between socio-demographic groups, arm of the RCT, or by scores for genetic literacy, genetic knowledge, numeracy, anxiety, or depression.
When asked if they felt GS was generally beneficial, neutral, or harmful, all parents indicated that they felt it was beneficial. Participants reported that it allowed parents to have more information and that "being educated is always good". They also noted it could provide guidance on treatment or prognosis and clarify recurrence risks. Participants also noted altruistic benefits in helping other children and families. Some participants noted that GS was beneficial only if a diagnosis was received. Some noted that GS may produce information that parents did not want, particularly about a poor prognosis. There was also mention of concerns over equitable use of healthcare dollars. No differences in themes were noted between RCT study arms. Multiple participants also qualified their response in that they felt that GS was beneficial for children with unexplained medical conditions, but that they would not recommend it for healthy children.
"I don't think that it's something that I would choose for my healthy kids unless there was a reason to do it. But in cases where you are trying to get an answer that you couldn't really get any other way I think there's absolutely good reason for it. I know that there are ethical concerns that are attached to it, and when you research the discussions people have strong feelings on those as well, but I think in our particular case and in cases similar to ours I think the benefits of doing this type of studies significantly outweigh the risks or any other concerns that might be there."
This recognition of risks was also reflected in the survey data as 21 of 23 (91%) agreed or strongly agreed that genetic testing could produce results that would be disturbing ( Figure  1 ). Rates of this widely held belief did not differ by socio-demographic groups, nor was it associated with scores on the genetic literacy, genetic knowledge, numeracy, anxiety, or depression scales. Despite this recognition of risk, 21 of 23 (91%) also agreed or strongly agreed that they would let their child's DNA be used for research again. Participants identifying as White were more likely than those identifying as any other race to agree or strongly agree that they would let their child's DNA be used for research again (100% vs 50%, respectively, Fisher's Exact Test, p=0.024). There were no other differences by sociodemographic groups or scores for genetic literacy, genetic knowledge, numeracy, anxiety or depression.
Impact of a diagnosis
Of the 23 participants, medical record review revealed that 9 had received a molecularly confirmed diagnosis for their child (4 through the RCT and 5 through standard clinical genetic testing) ( Figure 2 ). An additional 3 had received a unifying diagnosis for their child's symptoms through a clinical syndromic diagnosis. Secondary findings were not reported. All individuals who had received a molecular or clinical diagnosis per the EMR recalled receiving the diagnosis. An additional 2 participants also recalled receiving a diagnosis when none was identified in our institution's medical record. There was some discrepancy between the medical record and the participant's recollection about whether a molecular result came through the RCT or clinical genetic testing, and some indicated they were not certain which source the result came from.
Regardless of the source or type of result, most participants expressed benefits of receiving a diagnosis. Participants referred to the diagnosis as an answer for their child's illness that provided clarity. This answer was perceived to have downstream effects that included both changes to their child's medical care and personal utility. Themes of benefits discussed by participants are listed in Table 2 with exemplary participant quotes. Individual participants often expressed multiple ways in which a diagnosis was impactful, and these responses support the value of receiving a diagnosis beyond traditional views of clinical utility. One parent expressed that their medical team questioned the family's desire for a diagnosis when it was not expected to inform treatment decisions.
"We were asked at that time by the team why it was so important to have a diagnosis to explain. It wouldn't change the care. And I think as parents, what that did is it gave us reassurance that as we made decisions for him we really knew what was going on. And it also put a name to it, you know, versus saying our son has these symptoms and we don't really know why. It gave us some closure as parents to know that there was a reason, that it's been identified, and we can put a name to it, and network with other people who were impacted by similar things. I think there were a lot of ways that it benefitted us as parents."
In some cases, receiving a diagnosis provided parents with a more positive outlook for their child's future as they came to understand how symptoms may evolve with time or what treatment options may be best.
"Without the results, just from what he looked like, he was just very floppy, lethargic, not interacting with his environment at all. These people with this disorder, we know, they develop and they can live independent lives. It just changed my outlook. I became more positive about it."
While others discussed receiving information that was upsetting and gave them a more negative outlook.
"Well, I guess it made me feel a little worse, because frankly, the gene with the mutation comes in kiddos with more severe delays."
Still others became acutely aware of the current limitations of genetic knowledge as they realized the limited information that is available about some genetic conditions. "It gave a name to her specific epilepsy, which was good, but at the same time, what we were told and what I found through further research is there are not very many people who have her specific diagnosis. So it continued to open up new questions that we have not necessarily gotten answers to." "Well, his situation was a little bit different because his symptoms do not fit nicely in this disorder's description. So it helps to understand part of what was going on, but then there is a whole other aspect of what's going on with him that is very confusing." There were no statistically significant differences in attitudes about genetic testing depending on whether they had received a diagnosis for their child. This remained true if separated by molecular or clinical diagnosis, or by the parent's perception of whether or not their child had received a diagnosis. HADS depression subscale scores also did not show statistically significant differences between participants who had received a diagnosis for their child (median=5.0, IQR=1.0-7.5) and those who had not (median=2.5, IQR=1.5-5.5) (Mann-Whitney U=34.50, p=0.427) ( Figure 2 ). However, HADS anxiety subscales scores were statistically significantly higher in those who had received a diagnosis (median=9.0, IQR=7.0-13.0) than in those who had not (median=7.0, IQR=2.0-8.0) (Mann-Whitney U=20.50, p=0.026) (Figure 2 ).
Discussion
In this small and selected population, most participants reported positive responses to being offered GS for their infant largely due to hopes of receiving an explanation for their child's medical concerns. Their positive attitudes about the ability of GS to provide beneficial information continued to the time of this retrospective study, long after their infants had been discharged from the NICU. While just under half of participants volunteered worries when asked in an open-ended manner, >90% recognized the possibility of psychosocial risks of the information when asked directly. This suggests participants simultaneously carried both hope that GS can provide answers, and the recognition that it involved risks. Furthermore, most participants who had received a unifying diagnosis for the child reported benefits of clinical and/or personal utility, while this was tempered for some by results that provided negative prognoses for their child or a forced recognition of the current limitations of genetic medicine.
The results of this study fit with the largely positive views of genetic testing among the US population that have been identified in previous research. 19 Particularly, our findings highlight that parents who have consented to allow their hospitalized newborns to undergo GS have mostly positive views of GS as diagnostic test. They hope that it will provide an answer for their child's medical condition that will be impactful for their child's care and for family planning, as has been reported in parents of a pediatric cohort of varied ages. 20 Concern has been raised that parents do not adequately understand other risks of GS research. 21 The comment by a participant in this study that risks may have been normalized by the widespread availability of consumer-driven genetic testing may suggest that some risks are not seen as seriously by patients and families as they are by clinicians. However, while previous research had identified the worry of unfavorable results and awareness of risk of disturbing news in those declining GS for their infant 8 , this study demonstrates the presence of these concerns also in parents who consent to GS for their child. Indeed, the spontaneous mention of risks by nearly half of our participants and the qualification by several that their positive view of GS was dependent upon the context for their child's health suggests these participants had a measured approach to weighing benefits and risks based on their child's particular situation. While we cannot ignore that this is a vulnerable population, they do not appear to have been naïve about risks of GS, but to have judged that the potential benefits outweighed those risks for this child.
For those participants who received a diagnosis for their infant, either clinical or molecular, a value of the diagnosis beyond typical views of clinical utility was shared. This substantiates other studies recognizing that factors such as future planning, reduced worry or guilt, and access to support networks and disability services are valued by parents. [22] [23] [24] [25] [26] . By the enrollment criteria of the RCT, participants in this study were early in their journey of their child's illness at the time a diagnosis was sought, which may reflect the higher perceived importance of a diagnosis that has been reported for families earlier in the diagnostic odyssey. 27 Previous studies have also reported limitations of receiving a diagnosis including a loss of hope for recovery, frustration about limited information on a diagnosis, and a sense of isolation in a rare diagnosis that were also shared by our participants. 24, 28 The higher level of anxiety seen here in parents of children who had received a diagnosis is concerning, but given the small sample size needs further study. Yet despite some with high anxiety levels and the limitations participants identified in GS, all participants, even those not receiving a diagnosis, still reported that they felt GS was beneficial. While patient and family expectations for both the likelihood of a diagnosis and its impact on their child's care are essential to manage in the setting of GS 29 , clinicians also must consider the expanded views of benefits expressed by parents when considering potential utility of genomic testing.
The conclusions of this study are limited by the highly selected nature of the sample. Participants in the RCT were selected by clinicians for nomination to the study and by consent to the trial. Furthermore, participants in the study reported here are a further subset of that group, selected by their response to attempted contact for this retrospective study and consent to participation. Comparisons by RCT arm may have been limited by retaining samples from both arms in a genetic research repository. Racial and ethnic diversity in the sample was also limited. Participants' demonstrated genetic literacy and subjective numeracy scores comparable to other populations, but had high levels of applied genetics knowledge, which may be a function of their experiences in the RCT and clinical genetic evaluations. Furthermore, given the limited population from which recruitment was available, statistical power calculations were not completed before the study to determine a needed sample size for quantitative analyses. The small sample may not be powered to detect some differences in attitudes about GS based on participant characteristics. Lastly, participants completed this study's survey and interview between 1 to 3 years after enrollment in the RCT. The retrospective nature of data collection and time lapse may have created a recall bias for questions asking about their feelings at enrollment in the GS RCT.
As GS becomes more widely adopted for clinical care, the question of when it should be used has become increasingly urgent for clinicians and payors. Recent guidance statements use impact on medical care and ethical concerns to propose that at the current time the use of GS for diagnostic purposes in newborns is warranted while screening use is not. 30, 31 The parental attitudes reported here support the use of GS as a diagnostic tool in the newborn population. Furthermore, while parents felt that the possible benefits outweighed the risks for their infants, some noted that this may not always be the case, especially for healthy children. Both studies of clinical utility and parental attitudes and experiences with genomic testing in newborns in a screening context will be essential in understanding how genomic technologies should be used in the future. Participant responses to survey Likert scale questions about attitudes. Full survey statements were: 1) Genetic testing is an opportunity to get information that will help me improve my child's health, 2) Genetic testing might get some results that would be disturbing, and 3) I would allow my child's DNA to be used for research again. 
